INTRODUCTION
DNA and RNA binders are an interesting class of compounds from a viewpoint of developing new drugs and as DNA and RNA probes. They can slide between adjacent base pairs in DNA and are called "intercalator" and many types of compounds are known to date. Poly-intercalating compounds carrylng more than two intercalating units also have been studied aiming at higher affinity and improved preference for base sequences. Recently, Takenaka's (1) and Iversonk (2) groups reported new polyntercalating compounds carrying a threading intercalating unit(s). Threading intercalators are those which can form a DNA complex with the two substituents projecting over the major and minor grooves simultaneously: the origin of the name "threading intercalator" derives from the fact that one of the substituents of threading intercalators goes through or thread between adjacent base pairs when forming a complex with double stranded DNA. In this paper, design and synthesize of a new type of poly-threading intercalators with two threading intercalating units hanging on a peptide chain are described. Fig. 1A depicts a cartoon of such poly-threading intercalators, contrasting with the one reported by Iverson's group where threading intercalating units are connected in a head-to-tail fashion as shown in Fig. 1B . The poly-intercalator illustrated in Fig. 1A is not only expected to show an improved poly-threading intercalation but also to open a new vista of poly-intercalator chemistry. We first synthesized a lysine-based amino acid building block carrying naphthalene diimide moiety for facile use in Fmoc-based peptide synthesis and synthesized the new bis-threading intercalator, 1, by using the amino acid unit on the peptide synthesizer. Furthermore, the binding behavior of 1 with double stranded DNA was compared with that of mono naphthalenediimide derivative, 2.
EXPERIMENTAL

Synthesis of bis-naphthalene diimide (1)
Fmoc-Lys(ND1) was synthesized by refluxing naphthalene tetracarboxylic acid dianhydrate, N, N-dimethyl-1 , 3-propanediamine, and Boc-Lys-OtBu in THF. Deprotection of the Boc and tBu groups and reaction with the Fmoc-OSu. Fmoc-Lys(Boc) and Fmoc-Lys(ND1) were allowed to couple on a Fmoc-NH-SAL resin in an orderly fashion on peptide synthesizer (433A, Applied Biosystemes Inc.). The crude peptide obtained were cleaved from the resin with TFA containing 2.5% water and 2.5% triisopropylsilane. Peptide 1 was purified by reverse phase HPLC and TOF-MS gave a molecular ion peak of expected size. Comound 2 was obtained by the deprotection of Fmoc-Lys(ND1).
RESULT and DISCUSSION
Absorption spectra of 1 and 2 were measured in 10 mM MES and 1 mM EDTA (pH 6.25) containing 0.1 M NaC1. (Table 1 ). Upon addition of sonicated calf thymus DNA, the absorption maximum at 386 nm of 1 and 383 nm of 2 in the same buffer shifted to longer wavelength slightly with a decrease in the absorbance (hypochromism and red shifts) with an isobesic point, a phenomenon indicative of a single binding mode for 1 with double stranded DNA. Binding constants (K) and binding site sizes (n) of 1 and 2 were obtained from this change by Scatchard analysis of the data taken in the same buffer and are summarized in Table 1 . The binding affinity of 1 was 100-times larger than that of 2. Lnetic experiments were also carried out in the same buffer and the kinetic parameters for the binding of 1 and 2 with sonicated calf thymus DNA as double stranded DNA are also summarized in Table 1 . The binding constants obtained from kinetic analysis were in agreement with those from Scatchard analysis ( Table 1) . The dissociation rate constant of 1 with calf thymus DNA is ca. 2s-times smaller than that of 2. The dissociation rate constant of 1 from heat-denatured calf thymusDNA was 2.3 s-' and is 45-times larger than that from intact calf thymus DNA. Bis-intercalation of 1 into double stranded DNA was confirmed by viscometric titration of calf thymus DNA with 1. Thus, the viscosity of a DNA solution increased linearly with an increase in the amount of 1 and the slope for 1 is two-times larger than that for 2 (Fig. 2) . This phenomenon is explained in terms of intercalation of 1 into DNA duplex. 
CONCLUSION
These results suggested that 1 effectively binds to double stranded DNA by bis-threading intercalation. The strategy described here should be extended to the synthesis of poly-threading intercalators carrying more than two naphthalenediimide units on various peptide chains, suggesting the generality of this strategy for developing new types of poly-intercalators.
